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和长大。在催化剂寿命考察中，50 h 的评价时间内未观察到催化活性的明显降低。 
最后在 CO 氧化体系中，同样使用了微波辅助-溶胶固定法制备 Ag/CeO2 催
化剂，通过优化制备条件，在微波时间 120 s，银负载量 5%，焙烧温度 300℃的
条件下制备的催化剂，在 200℃时达到了 CO 的 100%转化。通过红外分析、模
拟实验发现多酚类物质为主要的还原成分，而蛋白则是主要的保护成分。计算了


















Recently, along with the development of nanotechnology, Ag nanomaterials have 
attracted wide attentions. Comparing with their macroscopic counterparts, they 
exhibit specific optical, photoelectric, acoustic, thermal, magnetical, mechanical and 
catalytical properties due to their high surface energy and chemical activity and thus 
have more extensive applications. The addition of trace amounts of Ag nanomaterials 
into the chemical fiber would endows it with great anti-bacteria activity; the 
membranes which are decorated by Ag materials would possess good 
photoluminescence ability, so do the substances coated by the membranes; Ag 
nanomaterials are also frequently studied and used in catalysis due to their superior 
capability of adsorbing and activating oxygen. There are many methods for the 
preparation of Ag nanomaterials, such as polymeric method, micro-emulsion method, 
reverse micellar method, template method, Vapor-Liquid-Solid method, 
electrochemical deposition method and chemical reduction, etc. In recent decade 
researchers have made great efforts in green preparation of nanomaterials for the 
purpose of sustainable development and to achieve the green chemistry strategy, the 
method by using natural plants to synthesize nanomaterials is an ideal way. This 
method makes good use of plants which are abundant resources in nature and cheap in 
price, it also reduces the pollution to the environment and enhances the safety in 
production, in addition, the cost of the raw materials is greatly reduced and the mild 
reaction conditions is a plus save of the energy consumption.  
In this dissertation, Ag nanoparticles (NPs) and Ag catalysts were synthesized 
through the redox reactions between plant tissues and silver salts. One the one hand， 
making fine control over the size and morphology of NPs by regulating the reaction 
rate from changes of the reaction modes and reaction conditions. The active 
ingredients in plants were identified so as to design the reaction mode and adjust the 
reaction conditions in a rational way, and establishing a methodology for the accurate 















immobilization methods were respectively used to prepare supported catalysts. The 
catalytic performance of the catalysts were tested in selective oxidation of 
1,2-propanediol (Ag/ZrO2) and CO oxidation (Ag/CeO2), the influence of the 
bio-compounds on the catalyst were investigated and the preparing and reaction 
conditions were optimized.  
First, the reaction rate of bio-reduction is slow due to the mild reductants, which 
is adverse for the formation of uniform and small NPs. Hence, the microwave 
irradiation was employed for the even and rapid heating so that the reaction rate could 
be accelerated. Several types of plants were screened, it was found that most of the 
plants are capable to produce Ag NPs, among them, the Cinnamomum camphora(CC) 
with abundant capping agents was found to produce NPs that are more stable and 
uniform. The redox reaction rate varies when using different plants, in general, the 
NPs are spherical and around 10 nm for the plants with fast reaction rate while the 
plants with lower reaction rate tend to produce non-spherical NPs, with a prerequisite 
that the plants (like cape jasmine and syzygium samarangense) contain 
selective-adsorbed capping agents. The syringe pump drop-injection method was used 
to slow down the reaction rate, by this method morphologies of wire and plate were 
synthesized using CC, the optimal condition for synthesis of nanoplate was obtained: 
reaction temperature 60℃, injection rate 5 mL/h, AgNO3 3 mmol/L and plant extract 
50 g/L. Besides the reaction rate, the capping agent with proper concentration is 
another critical factor for the synthesis of non-spherical NPs. Ag/ZrO2-plate catalyst 
prepared with Ag nanoplate showed quite different selectivity in propanediol 
oxidation to that of Ag/ZrO2-sphere catalyst, the former one tend to produce acetone 
alcohol while the latter one had a higher selectivity to methylglyoxal, this was 
ascribed to the preferential exposure of the Ag facets. 
Secondly, CC extract was used in the impregnation method, where the support 
synthesis and thermal reduction of the silver salt were combined together as the 
co-calcination method. The bio-compounds were benifical for the reduction of the 















after orthogonal experiments: 1000 μL extract, 7% loadings, aging time 12 h and 
calcination at 650℃, the yield was 79% under the best condition. However, as the 
property of the support varies from one to another, the co-calcination method has poor 
universality. Therefore, the adsorption-reduction(AR) and sol-immobilization(SI) 
methods were developed to load the NPs onto prepared supports forming supported 
catalysts. The SI method exhibited higher space-time yield as by this means the Ag 
salts were more completely reduced and the NPs were more uniform. A series of 
condition experiments were conducted and an activity similar to co-calcination 
method was obtained, where the conversion and selectivity were 95% and 78%, 
respectively. The TG and XPS results indicated that the bio-compounds were almost 
decomposed at 300℃which is much lower than that of general sufactants, therefore, 
the catalyst here avoided the high-temperature calcination as well as the subsequent 
aggregation of the NPs. In the durability test of the catalyst, no activity decrease was 
observed within the 50 h assessment. 
In the end, the SI method was also used to prepare Ag/CeO2 catalyst toward the 
CO oxidation. The optimal preparing condition was obtained: microwave time of 120 
s, Ag loadings of 5%, CC concentration of 12 g/L and calcination temperature at 
300℃, the overall conversion of CO was achieved at 200℃. After FT-IR analysis and 
simulated experiments, polyphenols and proteins were identified as the reducing and 
capping agents, respectively. The activation energy Ea of as-prepared catalysts was 
calculated to be ca. 30 kJ/mol, meanwhile, it was 54.4 kJ/mol for those reported 
Ag/CeO2 catalysts. All the results demonstrated that the microwave-assisted SI 
method is a very efficient approach for the preparation of supported catalysts. 
Key words: phyto-reduction method; Ag nanoparticles; supported Ag catalyst; 













第 1 章 文献综述 
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氧化已有多年的工业应用并得到了大量的研究[5, 6]。1930 年法国 Lefort 公司利用
Ag 催化剂直接氧化乙烯成功制得环氧乙烷，其催化剂为负载型银催化剂，所用
载体为低比表面积的 α-Al2O3；1938 年美国 UCC 公司根据 Lefort 公司的研究成
果建成了世界第一套空气直接氧化乙烯生产环氧乙烷的装置[7]。由于在银表面生
成环氧乙烷（EO）和乙醛（AA）反应的活化能非常接近，因此未添加助剂的银
只有 50%左右的 EO 选择性[8]。通过添加 Cs 等碱金属助剂，工业催化剂的 EO 选
择性从 1960 年的小于 70%提高到了 1980 年的 80%[8, 9]，因为 Cs 能够占据不利
于EO生成的台阶缺陷位而提高EO选择性，并且降低EO路径反应的活化能[10]，




进料气中添加 ppm 级别的 Cl（C2H4Cl2 或 C2H3Cl）后，现今工业催化剂的 EO 选
择性已经达到了 90%[13]。这是由于加入 Cl 后，银表面吸附的氧的亲电性增强，
有利于 EO 的生成，同时 Cl 占据了氧空穴后能有效减少乙烯 C-H 键的活化及后
续 AA 的生成。在该反应中，银具备不可替代性， Ozbek 等研究了过渡金属 Cu2O、
Ag2O 和 Au2O 表面上乙烯环氧化的反应，发现乙烯在 Ag2O 上能够直接反应得到
EO，因为 Ag2O（001）面与分子氧的作用强度较强，能使 Ag 表面再氧化，同时
又不会过强导致 EO 分子开环以及乙烯分子 C-H 键的活化；而 Au2O 上不能重生
表面氧，Cu2O 表面则由于 O-C 键的键能较弱，环氧乙烷倾向于开环并生成乙醛，
且其上 EO 的脱附能较高[14]。 
Rizkalla 在 2014 年发表的专利声明制备了一种 EO 选择性在 90.5%的高选择
性银催化剂，且其反应温度低于 240℃[15]。Christopher 等发现线状的 Ag 催化剂
相比颗粒状的 Ag 催化剂具有更高的 EO 选择性，这主要是因为银纳米线上 Ag
（100）面所占比例更大，作者通过 DFT 计算发现金属氧环中间体在 Ag（100）
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